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ABSTRACT 
Work Package Four  (WP04). w h i c h  i n c l u d e s  t h e  
NASA Lew is  Research  C e n t e r  and i t s  c o n t r a c t o r  Rock- 
e t d y n e ,  has ; e l e c t e d  i n  aop roach  for r h e  SDace S t a -  
t i o n  Freedom (SSF) P h o t o v o l t a i c  ( P V )  Power H o d u l e  
f l i g h t  c e r t i f i c a t i o n  t h a t  combines  sys:em-:evel 
q u a l i f i c a t i o n  and a c c e p t a n c e  t e s t i n g  i n  t h e  t h e r -  
mal vacuum e n v i r o n m e n t :  t h e  " p r o t o f l i g h t - q e n i c l e "  
app roach .  T h i s  app roach  max im izes  o n - t h e - g r o u n d  
v e r i f i c a t i o n  t o  a s s u r e  sys tem- leve !  p e r f o r m a n c e  
and to m i n i m i z e  r i s k  o f  o n - o r b i t  f a i l u r e s .  
T h i s  p a p e r  add resses  t h e  p r e l i m i n a r y  p l a n s  for 
s y s t e m - l e v e l  t h e r m a l  vacuum e n v i r o n m e n t a l  t e s t i n g  
o f  t h e  p r o t o f l i g h t  PV Power Modu le  i n  t h e  NASA 
Lew is  Space Power F a c i l i t y  (SPF) .  D e t a i l s  o f  t h e  
f a c i l i t y  m o d i f i c a t i o n s  t o  r e f u r b i s h  S P F .  a f t e r  
13 y e a r s  of down t ime ,  a r e  b r i e f l y  d i s c u s s e d .  The 
r e s u l t s  o f  an e v a l u a t i o n  o f  t h e  e f f e c t i v e n e s s  of 
s y s t e m - l e v e l  e n v i r o n m e n t a l  t e s t i n g  i n  s c r e e n i n g  
ou t  i n c i p i e n t  p a r t  and workmansh ip  d e f e c t s  and 
u n i q u e  f a i l u r e  modes a r e  d i s c u s s e d .  P r e l i m i n a r y  
t e s t  o b j e c t i v e s ,  h a r d w a r e  c o n f i g u r a t i o n ,  s u p p o r t  
e q u i p m e n t ,  and o p e r a t i o n s  a r e  p r e s e n t e d .  
I. INTRODUCTION 
The PV Power Modu le  can be v i e w e d  a s  a space 
v e h i c l e  t h a t  w i l l  p r o v i d e  t h e  i n i t i a l  power  capa- 
b i l i t y  d u r i n g  t h e  b a s e l i n e  Space S t a t i o n  Freedom 
( S S F )  assemb ly  and as  an i n t e g r a l  p a r t  of t h e  s t a -  
t i o n  E l e c t r i c  Power Sys tem (EPS),  w h i c h  i s  
d e s c r i b e d  i n  S e c t i o n  11. 
I n  o r d e r  t o  a c c o m p l i s h  s u c c e s s f u l  i n t e g r a t i o n ,  
assemb ly ,  and o n - o r b i t  o p e r a t i o n s  o f  t h e  PV Power 
Yodu le ,  t h e  Space S t a t i o n  P rog ram (SSFP) v e r i f i c a -  
t i o n  r e q u i r e m e n t s  d i c t a t e  t h a t  o n - t h e - g r o u n d  
v e r i f i c a t i o n  a c t i v i t i e s  p r i o r  to l a u n c h  s h a l l  be 
max im ized  t o  e n s u r e  sys tem p e r f o r m a n c e ,  e s p e c i a l l y  
dhe re  t h e  r i s k  o f  o n - o r b i t  f a i l u r e s  o f  c r i t i c a l  
i ys te rns l subsys tems  i s  i n v o l v e d  111. The h i s t o r y  
dnd r a t i o n a l e  for WP04's s e l e c t i o n  o f  t h e  p r o t o -  
f l i g h t  a p p r o a c h  to t h e  PV Power Modu le  f l i g h t  c e r -  
t i f i c a t i o n  to meet t h e  SSFP r e q u i r e m e n t s  a r e  
d e s c r i b e d  i n  S e c t i o n  111. 
The i m p o r t a n c e  o f  p e r f o r m i n g  s y s t e m - l e v e l  e n v i -  
r o n m e n t a l  t e s t s  o f  t h e  PV Power Modu le  c a n n o t  be 
o v e r l o o k e d  and t h e  c l o s e s t  means to  s i m u l a t e  
a c t u a l  space e n v i r o n m e n t  i s  t h e  t h e r m a l  vacuum 
t e s t .  An in -house  s t u d y  o f  t h e  e f f e c t i v e n e s s , o f  
t h e  s y s t e m - l e v e l  e n v i r o n m e n t a l  t e s t s  was used  to  
t h e  Xys tem- leve l  e n v i r o n m e n t a l  t e s t s  'was $used t o  
e v a l u a t e  :he t e c h n i c a l  and p rog rammat i c  m e r i t s  of 
c o n d u c t i n q  t h e  t h e r m a i  vacuum t e s t  a t  t h e  NASA 
Lewis  S m c e  power F a c i l i t y  ( S P F ) .  Un ique  f a i l u r e  
noaes and . j e f e c t s  : : / p i c a l l y  f o u n d  J u r i n g  i y s t e m -  
! e v e !  chermal  iacuum te:: ,sf space v e n i c i e s  " e r e  
a l s o  r e v i e v e r l  and a r e  r l e s c r i b e d  i n  S e c t i o n  I V .  
F i n a l l y ,  t h i s  p a p e r  add resses  WP04'; p r e l i m i -  
n a r y  p l a n s  t o  q e r f o r m  t h e  s y s t e m - l e v e l  t h e r m a l  'vac- 
uum t e s t  o f  t h e  P r o t o f l i g h t  PV Modu le  i n  SPF i n  
1994,  .iJhich a r e  j i s c u s s e d  i n  SecT ion  '1. This 
s e c t i o n  d e s c r i b e s  SPF t e s t  o b j e c t i v e s ,  t e s t  c o n f i g -  
u r a t i o n ,  c e s t  f a c i l i t y  r e f u r b i s h m e n t  s t a t u s ,  and 
p o t e n t i a l  t e s t  s c e n a r i o s .  
11. WP04 ELECTRIC POWER SYSTEM ?ROGRAM CHALLENGE 
WPO4's p r i m a r y  r o l e  i s  to p r o v i d e  t h e  
end- to -end E l e c t r i c  Power Sys tem (EPS) d r c h i t e c -  
t u r e  fo r  t h e  SSF, i n c l u d i n g  p h o t o v o l t a i c  and s o l a r  
dynamic  power g e n e r a t i o n ,  s t o r a g e ,  management, and 
d i s t r i b u t i o n  t o  t h e  u s e r  i n t e r f a c e .  R e s p o n s i b i l -  
i t y  for  t h e  end- to -end s y s t e m  d e s i g n  and i n t e g r a -  
t i o n  t o g e t h e r  r i t h  t h e  d e s i g n ,  deve lopmen t ,  t e s t ,  
e n g i n e e r i n g  (DOT&E), and p r o d u c t i o n  o f  a l l  t h e  sys-  
tem ha rdware  and s o f t w a r e  i s  i n c l u d e d .  The c u r r e n t  
EPS b a s e l i n e  d e l i v e r s  a n e t  ave rage  o f  7 5  kWe t o  
t h e  u s e r  ( a f t e r  d i s t r i b u t i o n  l o s s e s )  a t  t h e  comp le -  
t i o n  o f  Phase I and 125 kW a t  t h e  c o m p l e t i o n  of 
Phase 11, and i s  d e s i g n e d  for  g r o w t h  t o  300 kWe 
n e t  a v e r a g e  as  t h e  s t a t i o n  usage i n c r e a s e s .  The 
SSF P rog ram phases  a r e  d e s c r i b e d  i n  [ZI. 
The s t a t i o n  c o n f i g u r a t i o n  a t  t h e  end of 
Phase I, a l s o  known as  t h e  "November 16, 1987 base-  
l i n e " ,  i s  shown i n  F i g .  1 .  T h i s  b a s e l i n e  c o n s i s t s  
o f  two S o l a r  Power Modu les  (SPM's) l o c a t e d  o u t -  
b o a r d  o f  t h e  a l p h a  g i m b a i ,  each w i t h  two P V  
Modu les  and t h e i r  r e s p e c t i v e  s t r u c t u r a l  i n t e g r a -  
t i o n  ha rdware  ( i . e . ,  s i x  5-m t r u s s  bays ,  t r a n s i -  
t i o n  s t r u c t u r e ,  and u t i l i t i e s ) .  Each P'I Modu le  
c o n s i s t s  o f :  ( a )  two s o l a r  a r r a y  a s s e m b l i e s  ( b )  
two b e t a  g imba l  a s s e m b l i e s .  and ( c )  one i n t e g r a t e d  
equ ipmen t  assemb ly  ( I E A ) ,  c o n t a i n i n g  t h e  e n e r g y  
s t o r a g e  assemb ly  ( E S A ) ,  t h e  t h e r m a l  c o n t r o l  assem- 
b l y  (TCA),  and t h e  P V  e l e c t r i c a l  equ ipmen t  assem- 
b l y  ( E E A ) .  The p r i m a r y  power  d i s t r i b u t i o n  and  EPS 
c o n t r o l  ha rdware  i s  l o c a t e d  i n b o a r d  o f  t h e  a l p h a  
g imba l  and d i s t r i b u t e d  t h r o u g h o u t  t h e  s t a t i o n .  
T a b l e  I c o n t a i n s  a l l  t h e  h a r d w a r e  o u t b o a r d  and 
i n b o a r d  o f  t h e  a l p h a  g i m b a l  and t h e i r  r e s p e c t i v e  
p r i m a r y  f u n c t i o n s  C21. 
The WPO4's EPS Prog ram r e p r e s e n t s  a g r e a t  c h a l -  
l e n g e ,  c o n s i d e r i n g  t h e  PV Power Modu le  c o m p l e x i t y  
and t h e  SSFP d r i v i n g  r e q u i r e m e n t s .  The PV Power 
Modu le  w i l l  be t h e  l a r g e s t  o n - o r b i t  p h o t o v o l t a i c  
power g e n e r a t i o n  a p p l i c a t i o n  i n  space t o - d a t e .  
Each PV Power Modu le  u t i l i z e s  two 3 7 . 5  kWe ( n e t  
a v e r a g e )  s o l a r  a r r a y  w ings  w i t h  d u a l  f l e x i b l e ,  
d e p l o y a b l e  b l a n k e t s ,  m u l t i p l e  I n d i v i d u a l  P r e s s u r e  
V e s s e l  ( I P V )  N i / H 2  b a t t e r y  c e l l s  c o n t a i n e d  i n  t h e  
e n e r g y  s t o r a g e  assemb ly ,  and an a c t i v e  two-phase 
ammonia t h e r m a l  c o n t r o l  assemb ly  w i t h  e r e c t a b l e  
h e a t - p i p e  r a d i a t o r  f o r  t h e r m a l  r e j e c t i o n  o f  a p p r o x -  
i m a t e l y  5 . 7  kWe. Each s o l a r  a r r a y  assemb ly  i s  pop- 
u l a t e d  w i t h  a p p r o x i m a t e l y  32,800 p l a n a r  s i l i c o n  
s o l a r  c e l l s  o p e r a t i n g  a t  160 Vdc. 
s t o r a g e  assemb ly  c o n t a i n s  450 IPV N i / H 2  c e l l s  t h a t  
o p e r a t e  a t  p r e s s u r e s  o f  900 t o  1000 p s i g  and v o l t -  
age o f  120 Vdc.  The SSFP r e q u i r e s  t h a t  t h e  b a t t e r -  
i e s  and  s o l a r  a r r a y s  s a t i s f y  l o n g  l i f e  r e q u i r e m e n t s  
o f  5 and  15 y e a r s ,  r e s p e c t i v e l y ,  w h i l e  b e i n g  sub- 
j e c t e d  to t r u e  e n v i  r o n n i e n t a l  d e g r a d a t i o n  due t o  
Low E a r t h  O r b i t  (LEO) p lasma,  m i c r o m e t e o r o i d s ,  and 
space d e b r i s .  I n  a d d i t i o n ,  t h e  SSF s a f e t y  r e q u i r e -  
ments  f o r  two f a u l t  t o l e r a n c e  d r i v e  t h e  Power Mod- 
u l e  d e s i g n  redundancy  t o  m a i n t a i n  t h e  power needed 
t o  s u p p o r t  c r i t i c a l  l i f e  f u n c t i o n s  u n d e r  o f f -  
no rma l  or c o n t i n g e n c y  c o n d i t i o n s .  
Each e n e r g y  
111. T H E  PROTOFLIGHT APPROACH 
The EPS M a s t e r  V e r i f i c a t i o n  P rog ram c o n s i s t s  
o f  s i x  phases :  ( a )  deve lopmen t ,  ( b )  q u a l i f i c a t i o n ,  
(0 a c c e p t a n c e ,  ( d )  i n s t a l l a t i o n ,  assemb ly ,  and  
c h e c k o u t  ( IACO) .  ( e )  p r e l a u n c h  c h e c k o u t ,  and  ( f )  
o n - o r b i t  t e s t i n g .  
Modu le  M a s t e r  V e r i f i c a t i o n  P rog ram i s  shown i n  
F i g .  2 .  T h i s  p r o g r a m  w i l l  c o n s i s t  o f  o n - t h e -  
g r o u n d  t e s t i n g  to  v e r i f y  t h e  PV Modu le  o n - o r b i t  
c o n f i g u r a t i o n ,  p e r f o r m a n c e ,  o p e r a t i o n ,  and i n t e r -  
f a c e s  [ 3 1 .  T e s t  r e s u l t s  w i l l  be u s e d  t o  c o r r e l a t e  
m o d u l e - l e v e l  a n a l y s e s  p e r f o r m e d  p r e v i o u s l y .  A s  
shown i n  t h e  f i g u r e ,  t h e  i n t e g r a t e d  PV Modu le  t e s t  
i n  SPF i s  p e r f o r m e d  i n  p a r a l l e l  w i t h  l o w e r - l e v e l  
h a r d w a r e  q u a l i f i c a t i o n  and  a c c e p t a n c e  t e s t i n g .  
The p r o t o f l i g h t  a p p r o a c h  t o  t h e  PV Modu le  
t h e r m a l  vacuum t e s t  was i n i t i a l l y  p r o p o s e d  b y  t h e  
WP04 c o n t a c t o r  as  p a r t  o f  t h e  Phase C/D, SSFP 
F a b r i c a t i o n  Phase.  T h i s  a p p r o a c h ,  w h i c h  meets  t h e  
r e q u i r e m e n t s  o f  MIL-STD-15406, u t i l i z e s  f l i g h t  
h a r d w a r e  w h i c h  has a l r e a d y  undergone  e x t e n s i v e  
component and subsys tem a c c e p t a n c e  t e s t i n g .  I t  i s  
g e n e r a l l y  d e s c r i b e d  as  " a  t e s t  Conducted  o n  f l i g h t  
h a r d w a r e  a t  a c c e p t a n c e  t e s t  l e v e l s  f o r  
q u a l i f i c a t i o n  d u r a t i o n s "  [ 5 1 .  T e s t i n g  i s  t a i l o r e d  
to  e n s u r e  h a r d w a r e  i s  n o t  o v e r s t r e s s e d  and t h a t  
m a r g i n s  s t i l l  e x i s t  o n  d e s i g n  l i f e .  I n  t h i s  
app roach ,  a c o m b i n a t i o n  o f  f l i g h t  hardvJare and  
s i m u l a t o r s  can  b e  u t i l i z e d  i n s t e a d  o f  a d e d i c a t e d  
t e s t  a r t i c l e .  The s i m u l a t o r s  r e p l a c e  c r i t i c a l  
h a r d w a r e  t h a t  c o u l d  be damaged u n d e r  1 -9  t e s t  
c o n d i t i o n s .  P o s t - t e s t  h a r d w a r e  r e f u r b i s h m e n t  can 
be p e r f o r m e d ,  i f  r e q u i r e d  [ 4 1 .  
A f low d i a g r a m  o f  t h e  PV Power 
I V .  SYSTEM-LEVEL THERMAL VACUUM TEST EFFECTIVENESS 
Thermal  vacuum t e s t s  a r e  g e n e r a l l y  c o n d u c t e d  
as a n  a c c e p t a n c e  t e s t  o n  space v e h i c l e s  to  v e r i f y  
t h e r m a l  c o n t r o l ,  d e m o n s t r a t e  fl i y h t  w o r t h i n e s s ,  
and p i - o v i d e  e n v i r o n m e n t a l  s t r e s s  s c r e e n i n g  o f  
i n c i p i e n t  d e f e c t s  i n t r o d u c e d  d u r i n g  f l i g h t  h a r d -  
ware p r o d u c t i o n .  The o b j e c t i v e  o f  t h e  s c r e e n i n g  
i s  to  d e t e c t  m a t e r i a l ,  p r o c e s s ,  and wc rkmansh ip  
d e f e c t s  t h a t  r e s p o n d  t o  the i -ma l  vacuum arid t h e r m a l  
s t r e s s  c o n d i t i o n s .  
The p r o t o f l i g h t  v e h i c l e  app roach  w i l l  p r e c i p i -  
t a t e  i n f a n t  m o r t a l i t y  f a i l u r e s  caused b y  s y s t e m  
i n t e r a c t i o n s ,  t h e r e b y  i n c r e a s i n g  o v e r a l l  s y s t e m  
r e l i a b i l i t y .  The SPF t e s t  will d e m o n s t r a t e  t h a t  
t h e  d e s i g n  and m a n u f a c t u r e  o f  t h e  m e c h a n i c a l ,  e l e c -  
t r i c a l ,  and t h e r m a l  subsys tems a r e  adequa te  t o  
s u r v i v e  e n v i r o n m e n t s  s l i g h t l y  more s e v e r e  t h a n  
t h o s e  a n t i c i p a t e d  d u r i n g  l i f e  w i t h o u t  d e g r a d a t i o n .  
Also, t h e  t e s t  w i l l  c o n t r i b u t e  t o  t h e  f i n a l  d c c e p t -  
ance o f  t h e  PV t4odule because workmansh ip  p r o b l e m s  
t h a t  escaped l o w e r - l e v e l  scr-eens can be c o r r e c t e d  
b e f o r e  f i n a l  d e l i v e r y  to t h e  l a u n c h  s i t e  and 
i n t e g t . a t i o n  w i t h  t l i e  S h u t t l e .  
C o n s i d e r a b l e  d a t a  e x i s t s  t o  e s t a b l i s h  t h e  
e f f e c t i v e n e s s  o f  t h e r m a l  vacuum t e s t i r i y  a t  t h e  
s y s t e i i i - l e v e l  and l o w e r  l e v e l s  o f  a s s e m b l y .  A sum- 
mary  o f  t h e  r e s u l t s  o f  a l i t e r a t u r e  r e v i e w  con-  
d u c t e d  t o  i d e n t i f y  t h e  u n i q u e  f a i l u r e  modes o f  t h e  
t h e r m a l  vacuum e n v i r o n m e n t  f o l l o w s .  
1 .  R e l i a b i l i t y  Concepts 
The r a t e  o f  f a i l u r e  fo r  components and subsys -  
tems i s  commonly c h a r a c t e r i z e d  b y  t h e  r e l i a b i l i t y  
" b a t h t u b  c u r v e " ,  w h i c h  d i v i d e s  f a i l u r e s  i n t o  t h r e e  
c a t e g o r i e s  01. r e g i o n s :  i n i t i a l  f a i l u r e  01' i n f a n t  
m o r t a l i t y .  random f a i l u r e s ,  and wear-out r e g i o n  
[ 6 1 .  A p r o f i l e  o f  a r e p r e s e n t a t i v e  f a i l u r e  c u r v e  
i s  shown i n  F i g .  3 .  
D u r i n g  t h e  e a r l y  l i f e t i m e  o f  a component ,  a 
l a r g e  number o f  i n i t i a l  d e f e c t s  e x i s t  because of 
weaknesses such as  p o o r  i n s u l a t i o n .  weak or i n c o r -  
r e c t  p a r t s ,  bad a s s e m b l y ,  and p o o r  f i t s .  These 
a r e  commonly r - e f e r r - e d  to  as  i n f a n t  m o r t a l i t y  f a i  1 -  
u r e s .  D u r i n g  t h e  m i d d l e  o p e r a t i o n a l  p e r i o d ,  f ewer  
f a i l u r e s  o c c u r ,  b u t  t h e y  a r e  i n t e r m i t t e n t  or unpi-e- 
d i c t a b l e .  These f a i l u r e s  can be bad s o l d e r  j o i n t s ,  
open  t rans fo i .n ie i ' s ,  m e t a l  d e f e c t s  01- moi s t u r e  pt-ob- 
I e m s ,  and a r e  c a l l e d  random f a i l u r e s .  F i n a l l y ,  as 
equ ipmen t  r e a c h e s  o l d  dye  and d e t e r i o r a t e s ,  the1 e 
i s  a 1 -eg ion  o f  r i s i n g  f a i l u r - e  r a t e s  known as t h e  
wearou t  r e g i o n .  Accep tdnce  t e s t s  d t  any  l e v e l  o f  
assemb ly  a r e  i n t e n d e d  to  o p e r - a t e  t h e  hardkiai-e 
t h i - o u g h  t h e  i n f a n t  m o r t a l i t y  f d i l u r e  r e g i o r i .  
A l t t i o l r y h  d a t a  f rom t h e  t e c h n i c a l  1 i t e r a t u i - e  
q e n e r d l l y  shows a c o n t i n u a l  dl-cjp i n  t h e  o b s e r v e d  
f a i l u r e s  Fi-om l o w e r - t o - h i y h e i .  l e v e l s  o f  t e s t i n g ,  
i n c z e a s e s  i n  t h e  number o f  f a i l u r e s  at e t y p i c a l l y  
o b s e r v e d  a t  t l i e  s t a r t  o f  s y s t e m s - l e v e l  t e s t i n g  and 
t h e  Std1- t  o f  o r b i t a l  o p e r a t i o n s .  These i n c r e a s e s  
a r e . . & t . t r i b o t e d  to  d e f e c t s  i i i t r ~ o d ~ ~ c e d  b e c a u i e  uf 
t h e  i ii t er a L t i ve e F f  ec t s be tween cc;mponen t s , s y s teiii 
i n t e g i ' a t i o n  p r o c e s s e s ,  anu  t n e  d i S r i J p t i V e  or t i  o i l -  
s i e n t  s t r e s s e s  p r e s e n t  d u i - i n g  l d u n c h  [ 7 1 .  Typ iL31  
p r o f i l e s  o f  f a i l u r e  l a t e  cu i ' ves  for- t l i f f e i e n t  l e w  
e l s  o f  t e s t  and o p e r d t i o n  a r e  5Iiowii i n  F i g t i r e  4 .  
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2 .  Types o f  F a i l u r e s  
S y s t e m - l e v e l  t h e r m a l  vacuum t e s t i n g  i s  c o n s i d -  
e r e d  t o  be h i g h l y  p e r c e p t i v e  i n  r e v e a l i n g  i n f a n t  
m o r t a l i t y  workmansh ip ,  d e s i g n ,  and ha rdware  f l a w s  
w h i c h  r e s p o n d  u n i q u e l y  t o  t h e  t h e r m a l  vacuum e n v i -  
ronmen t ,  or w h i c h  escaped d e t e c t i o n  d u r i n g  l o w e r -  
l e v e l  t e s t i n g .  E l e c t r i c a l / e l e c t r o n i c  equ ipmen t  
and  h i g h - v o l t a g e  subsys tems a r e  c o n s i d e r e d  t o  be 
t h e  mos t  s u s c e p t i b l e  t o  f a i l u r e s  d u r i n g  t h e r m a l  
vacuum t e s t i n g .  
a b l e  t o  a c o u s t i c ,  t h e r m a l  vacuum, and t h e r m a l  
c y c l e  e n v i r o n m e n t s  i s  shown i n  T a b l e  I 1  1 8 3 .  The 
e f f e c t s  u n i q u e  to  t h e  vacuum e n v i r o n m e n t  i n c l u d e  
c o r o n a  and  a r c i n g ,  m u l t i p a c t i n g  ( s e c o n d a r y  emis -  
s i o n s ) .  and  p o t e n t i a l  o u t g a s s i n g  p r o b l e m s .  Corona  
d i s c h a r g e  i s  a s s o c i a t e d  w i t h  h i g h - v o l t a g e  subsys-  
tems and c o n n e c t o r s  u n d e r  vacuum p r e s s u r e  c o n d i -  
t i o n s ,  w h i l e  m u l t i p a c t i n g  can  o c c u r  i n  vacuum 
c a v i t i e s  f o u n d  i n  s w i t c h e s ,  c o a x i a l  c a b l e s ,  and 
c o n n e c t o r s  [ 9 1 .  The i n s t a b i l i t y  o f  n o n m e t a l l i c  
m a t e r i a l s ,  p a r t i c u l a r l y  a d h e s i v e s ,  i n  a vacuum 
e n v i r o n m e n t  can cause o u t g a s s i n g ,  c o n t a m i n a t i o n  
and d e p o s i t i o n ,  w e i g h t  loss,  and m e c h a n i c a l  
p r o p e r t y  changes.  A d d i t i o n a l  e f f e c t s  i d e n t i f i e d  
w i t h  t h e  vacuum e n v i r o n m e n t  i n c l u d e  l u b r i c a t i o n  
changes ( i . e . ,  g a l l i n g ) ,  d i f f e r e n t i a l  p r e s s u r e  d i s -  
p l a c e m e n t s  w h i c h  can  cause d e l a m i n a t i o n  o f  p r i n t e d  
c i r c u i t  b o a r d s ,  and changes i n  c o n d u c t i o n  p a t h s  
[ I O ] .  
A c o m p a r i s o n  o f  t h e  t y p e s  o f  f a i l u r e s  a t t r i b u t -  
E l e c t r i c a l  and e l e c t r o n i c  components w i t h  many 
p i e c e - p a r t s  or i n t e g r a t e d  c i r c u i t  b o a r d s  s m a l l e r  
t h a n  400 cm2 a r e  c o n s i d e r e d  t o  be p a r t i c u l a r l y  sen- 
s i t i v e  t o  t h e  t h e r m a l  vacuum e n v i r o n m e n t  because 
t h e r m a l l y - i n d u c e d  e x p a n s i o n  and  c o n t r a c t i o n  o f  
p i e c e - p a r t s  i s  a common cause o f  f a i l u r e  [ I l l .  
C e r t a i n  f a i l u r e s  may o n l y  be e v i d e n t  a t  tempera-  
t u r e  e x t r e m e s  when p h y s i c a l  d i s p l a c e m e n t  r e s u l t i n g  
f r o m  d i f f e r e n t  t h e r m a l  c o e f f i c i e n t s  o f  e x p a n s i o n  
i s  a t  a maximum. Vacuum-induced e x p a n s i o n s  and 
d i f f e r e n t i a l  p r e s s u r e  d i s p l a c e m e n t s  can  cause f a i l -  
u r e s  i n  p i e c e - p a r t s  t h a t  w o u l d  not be r e v e a l e d  b y  
t h e r m a l  c y c l i n g  t e s t s  a l o n e  C101. 
I n  a d d i t i o n ,  t h e  t h e r m a l  vacuum e n v i r o n m e n t  i s  
a b l e  t o  s t r e s s  m o u n t i n g s ,  c a b l i n g ,  i n t e r f a c e  con-  
n e c t o r s ,  t i e - d o w n s ,  and o t h e r  i n t e r c o n n e c t i v i t y  
h a r d w a r e .  P rob lems  w i t h  f a u l t y  t h e r m a l  j o i n t s  and 
o t h e r  m a n u f a c t u r i n g  d e f e c t s  a r e  r e v e a l e d  when t h e r -  
mal c o n d u c t i o n  p a t h s  a r e  changed.  A l s o ,  s i n c e  t h e  
s y s t e m  t h e r m a l  vacuum t e s t  i s  t h e  m a i n  v e r i f i c a t i o n  
t e s t  o f  t h e  t h e r m a l  c o n t r o l  sys tem,  p r o b l e m s  w i t h  
h e a t e r s ,  i n s u l a t i o n s ,  and t h e r m o s t a t s  a r e  d e t e c t e d  
b y  t h e  t e s t  [ 1 2 1 .  
A Lockheed  M i s s i l e s  and Space Company (LMSC) 
s t u d y  [ I 3 1  based  on 49  s p a c e c r a f t  f o u n d  t h a t  t h e  
m a j o r i t y  o f  t h e r m a l  vacuum f a i l u r e s  were  a s s o c i a t e d  
w i t h  d e f e c t s  i n  p a r t s  ( 5 1  p e r c e n t ) ,  workmansh ip  
( 2 1  p e r c e n t ) .  d e s i g n  ( 1 5  p e r c e n t ) ,  and p r o c e s s /  
control  ( 1 3  p e r c e n t ) .  O u t  o f  a t o t a l  of  462 sys -  
tems a c c e p t a n c e  t e s t  f a i l u r e s .  126  ( 2 7  p e r c e n t )  
were d e t e c t e d  d u r i n g  t h e  t h e r m a l  vacuum t e s t i n g .  
The Aerospace  C o r p o r a t i o n  c o m p i l e d  an e x t e n s i v e  
d a t a b a s e  o n  t h e  t y p e s  o f  d e f e c t s  t h a t  caused  f a i l -  
u r e s  d u r i n g  sys tems a c c e p t a n c e  t e s t i n g  [ 1 4 1 .  A 
summary o f  t h e  d a t a  for  f o u r  p rograms ( 6 ,  C ,  D ,  
and F )  w i t h  a t o t a l  o f  39 s p a c e c r a f t  i s  shown i n  
T a b l e  111. The d a t a  i n d i c a t e s  t h a t  t h e  t h e r m a l  
vacuum t e s t  was p a r t i c u l a r l y  e f f e c t i v e  i n  d e t e c t -  
i n g  d e f e c t s  i n  p a r t s ,  w i r i n g ,  c o n t a m i n a t i o n ,  
a r c i n g / c o r o n a ,  p r e s s u r e  l e a k a g e .  workmansh ip ,  and 
d e f e c t i v e  components ,  w h i c h  were n o t  exposed b y  
t h e  o t h e r  sys tems a c c e p t a n c e  t e s t s .  Ou t  o f  t h e  
t o t a l  o f  76 t h e r m a l  vacuum f a i l u r e s ,  t h e  l a r g e s t  
number o f  d e f e c t s  were fo r  d e f e c t i v e  components 
( 1 6  p e r c e n t ) ,  i n c o r r e c t / b r o k e n / s h o r t e d  w i r i n g  
( 1 1  p e r c e n t ) ,  c o r o n a  a r c i n g  ( 6 . 9  p e r c e n t )  and con- 
t a m i n a t i o n  ( 6 . 9  p e r c e n t ) .  
c a l  component and s y s t e m - l e v e l  a c c e p t a n c e  t e s t  
f a i l u i - e s  t h a t  o c c u r r e d  o n  19  s p a c e c r a f t  [ 1 5 1 .  
I t  was f o u n d  t h a t  44 p e r c e n t  o f  t h e  d e f e c t s  were 
b e i n g  s c r e e n e d  o u t  a t  t h e  component l e v e l  and t h a t  
56  p e r c e n t  were b e i n g  sc reened  o u t  a t  t h e  sys tems-  
l e v e l .  A number o f  f a c t o r s  i s  b e l i e v e d  t o  be 
r e s p o n s i b l e  for  t h e  d e t e c t i o n  o f  c o m p o n e n t - l e v e l  
f a i l u r e s  a t  t h e  s y s t e m - l e v e l  r a t h e r  t h a n  t h e  
c o m p o n e n t - l e v e l  [ 1 6 1 :  
A c o m p a r i s o n  was made b y  LMSC be tween  i d e n t i -  
( 1 )  Sys tem i n t e r a c t i o n s ,  i n c l u d i n g  p o s s i b l e  
i n c o m p a t i b i l i t i e s  o f  d e s i g n  changes n o t  p r e s e n t  
d u r  i n g  \ ower -  1 eve  1 t e s t i ng 
t i m e  and t h e r m a l  c y c l e s  
d e t e c t s  i n t e r m i t t e n t s  
( 2 )  C u m u l a t i v e  e f f e c t s  o f  a d d i t i o n a l  t e s t i n g  
( 3 )  C o n t i n u o u s  m o n i t o r i n g  a t  t h e  s y s t e m - l e v e l  
The sys tems t h e r m a l  vacuum t e s t  i s  e s p e c i a l l y  
i m p o r t a n t  f o r  t e s t i n g  t h e  f i r s t  o f  a s e r i e s  o f  
s p a c e c r a f t  because e l e c t i . i c a 1  and m e c h a n i c a l  
d e s i g n  i n t e g r a t i o n  d e f e c t s ,  such as  c a b l i n g  e r r o r s  
and m e c h a n i c a l  i n t e r f e r e n c e s ,  t y p i c a l l y  o c c u r .  
T h i s  i s  t h e  f i r s t  t i m e  t h a t  t h e  e n t i r e  i n t e g r a t e d  
sys tem,  i n c l u d i n g  h a r n e s s e s ,  m o u n t i n g  b r a c k e t s ,  
and t h e r m a l  c o n t r o l  e q u i p m e n t ,  a r e  exposed t o  t h e  
t h e r m a l  vacuum e n v i r o n m e n t  as  an  e n t i r e  s p a c e c r a f t  
3 .  T e s t  E f f e c t i v e n e s s  
t h e r m a l  vacuum a c c e p t a n c e  t e s t i n g  i n  s c r e e n i n g  
d e f e c t s  f o r  a number o f  m u l t i - s p a c e c l - a f t  pl.ogl'ams 
i s  shown i n  T a b l e  I V .  The d a t a  shows a g i - e a t  d e a l  
o f  s c a t t e r ,  w i t h  t h e  p e r c e n t a g e  o f  t h e r m a l  vacuum 
f a i l u r e s  r a n g i n g  from 3 .3  to  87 p e r c e n t  c f  a l l  t h e  
f a i l u r e s  d e t e c t e d  d u r i n g  sys tems a c c e p t a n c e  t e s t -  
i n g .  The a v e r a g e  number o f  f a i l u r e s  a l s o  v a r i e s  
w i d e l y  f rom p r o g r a m  t o  p rog ram,  r a n g i n g  from 0 . 4  
t o  5 . 8  f a i l u r e s  p e r  s a t e l l i t e  for t h e r m a l  vacuuni 
t e s t s .  
___ _.______ 
A summary o f  t h e  t e s t  e f f e c t i v e n e s s  o f  sys tems 
An e a r l y  LbISC s t u d y  o n  t h e  e f f e c t i v e n e s s  o f  
s p a c e c r a f t  a c c e p t a n c e  t e i  ( g  f o u n d  t h a t  t h e  lnost  
p e r c e p t i v e  t e s t s  were the I i r s t - t u r n - o n  t ,  t s  o f  
e l e c t r i c a l  and m e c h a n i c a l  equ ipmen t  and t l i e  
t h e r m a l  vacuum t e s t  1 1 6 1 .  Based on a d a t a  s e t  o f  
38 s p a c e c r a f t ,  99 o f  307 v e r i f i e d  f a i l u r e s  
( 3 2  p e r c e i i t ) '  were d e t e c t e d  and c o r r e c t e d  d u r i n g  
t h e r m a l  vacuum t e s t i n g .  T h i s  c o r r e s p o n d e d  to  an 
ave rage  t h e r m a l  vacuum t e s t  f a i l u r e  r a t e  o f  
2 . 6  f a i l u r e s  p e r  s p a c e c i - a f t .  LMSC's 40  p e r c e n t  
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r e d u c t i o n  i n  t h e  number o f  s y s t e m  t e s t  f a i l u r e s  was 
a t t r i b u t e d  t o  a number o f  f a c t o r s ,  i n c l u d i n g  
improvements  i n  i n s p e c t i o n ,  l o w - l e v e l  t e s t i n g ,  
p a r t s  s c r e e n i n g ,  and m a n u f a c t u r i n g  p r o c e s s e s .  
A p r e v i o u s l y  m e n t i o n e d  LMSC s t u d y  c o n d u c t e d  on a 
d a t a  base o f  49 s p a c e c r a f t  showed a l o w e r  e f f e c -  
t i v e n e s s  (126  o u t  of 462 f a i l u r e s  d e t e c t e d ,  
27 p e r c e n t ) ,  b u t  recommended t h a t  c o n s i d e r a t i o n  be 
g i v e n  t o  i n c r e a s i n g  a c c e p t a n c e  t e s t i n g  t i m e .  
By c o n t r a s t ,  some t e s t  p rog rams  have shown 
t h a t  t h e  a c o u s t i c  or t h e r m a l  c y c l e  e n v i r o n m e n t s  
a r e  more e f f e c t i v e  s c r e e n s .  F o r  example ,  two A i r  
F o r c e  p r o j e c t s  w i t h  a t o t a l  o f  62 s p a c e c r a f t  
a t t r i b u t e d  o n l y  5 o u t  o f  152 a c c e p t a n c e  t e s t  f a i l -  
u r e s  ( 3 . 3  p e r c e n t )  t o  t h e  t h e r m a l  vacuum t e s t  
[ 171 .  I t  was c o n c l u d e d  t h a t  t e s t i n g  o v e r  t h e  w i d -  
e s t  p o s s i b l e  r a n g e  o f  t e m p e r a t u r e s  was a more 
e f f e c t i v e  s c r e e n  of workmansh ip  and d e s i g n  d e f e c t s  
a t  t h e  s y s t e m - l e v e l .  Mos t  o f  t h e  t e s t  p r o g r a m  l i t -  
e r a t u r e  r e v i e w e d ,  however ,  showed t h a t  t h e  t h e r m a l  
vacuum t e s t  i s  much more  e f f e c t i v e  t h a n  o t h e r  
a c c e p t a n c e  e n v i r o n m e n t a l  t e s t s ,  such as a c o u s t i c ,  
t h e r m a l  c y c l e  and  t h e r m a l  b u r n - i n ,  i n  s c r e e n i n g  
workmansh ip  and  p a r t s  d e f e c t s .  
f r o m  p r o g r a m  t o  p r o g r a m  due t o  d i f f e r e n c e s  i n  
d e s i g n  m a t u r i t y  and  d e v e l o p m e n t  r i s k  o f  t h e  space-  
c r a f t  e q u i p m e n t  t e s t e d .  
t e s t  w o u l d  s i g n i f i c a n t l y  i n c r e a s e  p r o g r a m  r i s k .  
~ 
F o r  examp le ,  LMSC c o n d u c t e d  a f a i l u r e  a n a l y s i s  o n  
71 s p a c e c r a f t  and e s t i m a t e d  t h a t  t h e  number o f  
o n - o r b i t  f a i l u r e s  w o u l d  have  i n c r e a s e d  from 118 t o  
537 i f  a c c e p t a n c e  e n v i r o n m e n t a l  t e s t s  were  e l i m i -  
n a t e d .  I t  was a l s o  e s t i m a t e d  t h a t  t h e  number o f  
s p a c e c r a f t  e x p e c t e d  t o  f a i l  p r i o r  t o  t h e  end  o f  
t h e i r  o r b i t a l  l i f e t i m e s  would have i n c r e a s e d  from 
1 t o  17 [ l a ] .  
R e s u l t s  can  v a r y  
The e l i m i n a t i o n  o f  a l l  s y s t e m  t h e r m a l  vacuum 
V .  PROTOFLIGHT PV MODULE THERMAL VACUUM TEST 
1 .  T e s t  O b j e c t i v e s  
Modu le  i s  t h e  p e r f o r m a n c e  and  d e s i g n  v a l i d a t i o n  of 
i t s  f u l l y - i n t e g r a t e d  t h e r m a l ,  m e c h a n i c a l ,  e l e c -  
t r i c a l ,  e n e r g y  s t o r a g e ,  and  c o n t r o l s  subsys tems  
u n d e r  r e a l i s t i c  space e n v i r o n m e n t a l  c o n d i t i o n s .  
The t e s t  i s  c u r r e n t l y  p l a n n e d  t o  be c o n d u c t e d  o n  
on ly  t h e  f i r s t  PV Modu le  because  a h i g h e r  l e v e l  of 
c o n f i d e n c e  i s  needed f o r  t h e  m i s s i o n - c r i t i c a l  
f i r s t  e l e m e n t  l a u n c h  (FEL) .  Subsequen t  PV Modu les  
w i l l  be v e r i f i e d  b y  a n a l y s i s  and  s i m i l a r i t y ,  even  
t h o u g h  c o n s i d e r a t i o n  has  been g i v e n  t o  t e s t i n g  a l l  
f l i g h t  PV M o d u l e s .  S u c c e s s f u l  c o m p l e t i o n  o f  t h e  
t e s t  w i l l  e s t a b l i s h  e n g i n e e r i n g  c o n f i d e n c e  i n  t h e  
o v e r a l l  d e s i g n ,  o p e r a t i o n a l  r e a d i n e s s ,  and s a f e t y  
o f  t h e  PV Modu le .  
C u r r e n t l y ,  t h i s  t e s t  i s  e n v i s i o n e d  t o  i n c l u d e  
v e r i f i c a t i o n  o f  t h e  f u l l  and  p a r t i a l - p o w e r  p e r f o r m -  
ance o f  t h e  e l e c t r i c a l  and e n e r g y  s t o r a g e  sub- 
sys tems d u r i n g  n o r m a l ,  o f f - n o r m a l ,  and  c o n t i g e n c y  
o p e r a t i o n s ,  i n c l u d i n g  s t a r t u p ,  p e a k i n g ,  t r a n s i e n t ,  
and  shutdown e v e n t s .  F u n c t i o n a l  t e s t i n g  w i l l  be 
conduc ted  t o  v e r i f y  t h e  power  s p l i t  be tween  b a t -  
t e r i e s  and t h e  m a i n  i n v e r t e r  u n i t s  ( M I U ' s ) ,  b a t t e r y  
c h a r g e l d i s c h a r g e  a l g o r i t h m s ,  e f f e c t s  o f  p e a k i n g  
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and r a p i d  l o a d  changes,  and s y s t e m  r e s p o n s e  t o  
changes i n  i n p u t - o u t p u t  power l e v e l s .  A n a l y t i c a l  
mode ls  and  s o f t w a r e  a l g o r i t h m s  f o r  t h e  O r b i t a l  
Rep lacement  U n i t s  ( O R U ' s ) ,  t h e  a s s e m b l i e s ,  and 
t h e  sys tem w i l l  be v e r i f i e d  ( i . e . ,  s o l a r  a r r a y  
s u n - t r a c k i n g  c a p a b i l i t y ,  b a t t e r y  c h a r g i n g  and d i s -  
c h a r g i n g  schemes, f a u l t  s i m u l a t i o n  and r e c o v e r y ) .  
A d d i t i o n a l  f u n c t i o n a l  t e s t s  w i l l  be c o n d u c t e d  t o  
v e r i f y  o p e r a t i o n  of t h e  s o l a r  a r r a y  mas t  and mas t  
d r i v e  mechan isms,  powered m a t i n g  o f  t h e  a l p h a  gim- 
b a l  t o  t h e  PV Modu le ,  and s o l a r  a r r a y  c o n t a i n m e n t  
box l a t c h i n g  d e v i c e s .  Hardware  i n t e r f a c e  c h e c k o u t  
d u r i n g  t h e  PV Modu le  assemb ly  i n t o  t h e  t e s t  cham- 
b e r ,  v e r i f i c a t i o n  o f  t h e  e l e c t r i c a l  i n t e r f a c e s  o f  
t h e  PV Modu le  w i t h  t h e  s t a t i o n  d a t a  management sys -  
tem (DMS k i t ) ,  and t h e  PV c o n t r o l l e r  o p e r a t i o n s  
d u r i n g  h a r d w a r e  b u i l d - u p  w i l l  a l s o  be p e r f o r m e d .  
T h i s  t h e r m a l  vacuum t e s t  w i l l  v e r i f y  t h e  o v e r -  
a1 1 t h e r m a l  p e r f o r m a n c e  o f  t h e  base1 i n e  t h e r m a l  
c o n t r o l  assemb ly  a f t e r  i n t e g r a t i o n  w i t h  t h e  r e s t  
o f  t h e  PV Modu le  a s s e m b l i e s .  Thermal  i n t e r a c t i o n s  
and  h e a t  t r a n s f e r  p a r a m e t e r s  w i l l  be v e r i f i e d  t o  
t h e  maximum p r a c t i c a l  e x t e n t  among t h e  i n t e g r a t e d  
ORU's, t h e  r a d i a t o r ,  c o n d e n s e r ,  c o o l a n t  pump 
u n i t s ,  u t i l i t y  p l a t e s ,  c o n t r o l s ,  and i n t e r c o n n e c t  
p l u m b i n g  ( i  . e . ,  c a b l e s  and c o n n e c t o r s ) .  S p e c i a l  
a t t e n t i o n  w i l l  be g i v e n  t o  t h e  s u b s y s t e m ' s  a b i l i t y  
t o  ensure t h a t  t h e  r e q u i r e d  ORU- tempera tures  o n  
t h e  I E A  a r e  n o t  exceeded d u r i n g  no rma l  and o f f -  
no rma l  o p e r a t i o n s  and t h a t  t h e  b a t t e r y  b a s e p l a t e  
t e m p e r a t u r e s  a r e  m a i n t a i n e d  w i t h i n  a s p e c i f i e d  
r a n g e  u n d e r  no rma l  and f a u l t e d  o p e r a t i o n s .  
t h e r m a l  vacuum t e s t s  a r e  i n t e n d e d  t o  expose h i d d e n  
d e s i g n  a n d / o r  workmansh ip  f l a w s  w h i c h  were n o t  
d e t e c t e d  d u r i n g  l o w e r - l e v e l  e n v i r o n m e n t a l  t e s t i n g .  
The e f f e c t i v e n e s s  o f  t h e  v e n d o r - p i e c e - p a r t  e n v i r o n -  
m e n t a l  s t r e s s  s c r e e n i n g  can be e v a l u a t e d .  The SPF 
t e s t  w i l l  a l s o  s t r e s s  m o u n t i n g s ,  c a b l i n g ,  and  con-  
n e c t o r s ,  w h i c h  a r e  s u b j e c t  t o  a t t a c h m e n t  e r r o r s ,  
d e g r a d i n g  t o l e r a n c e  s t a c k - u p s ,  and i n c o m p a t i b l e  
t h e r m a l  e x p a n s i o n  c o e f f i c i e n t s .  
2 .  T e s t  Hardware  and C o n f i g u r a t i o n  
The p r o t o f l i g h t  PV Modu le  t h e r m a l  vacuum t e s t  
w i l l  be a c c o m p l i s h e d  w i t h  a c o m b i n a t i o n  of p r o t o -  
f l i g h t  h a r d w a r e  and s i m u l a t o r s  t o  m i n i m i z e  t h e  
r i s k  o f  f l i g h t  h a r d w a r e  damage u n d e r  1-9 t e s t  con- 
d i t i o n s .  The t e s t  h a r d w a r e  and t e s t  c o n f i g u r a t i o n  
r e f l e c t  t h e  November 16, 1987 b a s e l i n e ,  as 
d e s c r i b e d  i n  S e c t i o n  1 1 .  The t e s t  h a r d w a r e  and 
s u p p o r t  e q u i p m e n t  r e q u i r e m e n t s  a r e  l i s t e d  i n  
T a b l e s  V I  and  VII. 
A s  d i s c u s s e d  i n  S e c t i o n  IV, s y s t e m - l e v e l  
C u r r e n t  p l a n s  a r e  t o  use  f l i g h t  ha rdware  assem- 
b l i e s  for  t h e  b e t a  g i m b a l ,  t h e  i n t e g r a t e d  equ ipmen t  
assemb ly  s t r u c t u r e  w i t h  t h e  c o m p l e t e  e n e r g y  stor-  
age,  e l e c t r i c a l  e q u i p m e n t ,  t h e  t h e r m a l  c o n t r o l  
a s s e m b l i e s .  
The PV Modu le  c r i t i c a l  d i m e n s i o n s  and p r e l i m i -  
n a r y  t e s t  c o n f i g u r a t i o n  i n  SPF a r e  shown i n  
F i g s .  8 and 9 ,  r e s p e c t i v e l y .  A l l  t h e  e n e r g y  
s t o r a g e  and  e l e c t r i c a l  Power Management And D i s t r i -  
b u t i o n  (PMAD)-source e q u i p m e n t  w i l l  be i n s t a l l e d  i n  
r e p l a c e a b l e  ORU boxes  w h i c h  a r e  mounted o n  s t a n d a r d  
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u t i l i t y  p l a t e s .  E i g h t  u t i l i t y  p l a t e s ,  w h i c h  sup- 
p o r t  f o u r  O R U ' s  e a c h ,  w i l l  be a t t a c h e d  to  t h e  I E A  
s t r u c t u r e .  The b a s e l i n e  t h e r m a l  c o n t r o l  r - a d i a t o r  
h i l l  be o f  f l i g h t - q u a l i t y ,  and w i l l  be s t r u c t u r -  
a l l y  s u p p o r t e d  a t  t h e  c o n d e n s e r / I E A  i n t e r f a c e  b y  a 
t e s t  s u p p o r t  f i x t u r e .  E l e c t r i c a l  and f l u i d  i n t e r -  
c o n n e c t s ,  c a b l e s ,  c a b l e  t r a y s ,  and c o n n e c t o r s  w i l l  
b e  o f  f l i g h t - q u a l i t y .  O n l y  one  s e t  o f  b e t a  g i m b a l  
and s o l a r  a r r a y  s i m u l a t o r  i s  needed f o r  t h i s  t e s t .  
B o t h  s e t s  o f  s o l a r  a r r a y  and b e t a  g i m b a l  a r e  i d e n -  
t i c a l  and  t h e  o t h e r  s e t  can  be v e r i f i e d  by  s i m i l a r -  
i t y  as a c o s t  e f f e c t i v e  approach  [ I Y I .  The t h e r m a l  
c o n t r o l  assemb ly  p e r f o r m a n c e  w i l l  b e  v e r i f i e d  b y  
o r i e n t i n g  t h e  r a d i a t o r s  h o r i z o n t a l l y  so t h a t  n o  
s i g n i f i c a n t  p r e s s u r e  head d e v e l o p s .  E l e v a t i o n  
changes w i t h i n  an ORU box u t i l i t y  p l a t e  h e a t  p i p e s  
w i l l  a l s o  be a v o i d e d .  
E l e c t r i c a l  a n d / o r  m e c h a n i c a l  s i m u l a t o r s  w i l l  
be used  for. t h e  s o l a r  a r r a y s ,  t h e  a l p h a  g i m b a l ,  
s t a t i o n  t r u s s  s t r u c t u r e ,  and t h e  t i e - d o w n  s u p p o r t  
mounts  and b r a c k e t s  t o  a v o i d  damage under- 1-g t e s t  
c o n d i t i o n s .  The s o l a r  a r r a y  s i m u l a t o r  w i l l  resem- 
b l e  a s towed s o l a r  a r r a y  w i t h  t h e  c o n t a i n m e n t  box 
p a r t i a l l y  opened .  T h i s  m e c h a n i c a l  s i m u l a t o r  w i l l  
d u p l i c a t e  t h e  s o l a r  a r r a y l b e t a  g i m b a l  dynamic  
i n t e r f a c e .  The c o n t a i n m e n t  box masses and t o r s i o n  
t u b e  s i m u l a t e  t h e  a r r a y  t o r s i o n a l  r e s p o n s e .  The 
s t r o n g  back  and c a b l e s  o f f l o a d  t h e  a i - r a y  w e i g h t  
from t h e  g i m b a l  i n t e r f a c e .  The s o l a r  a r r a y  
e l e c t r i c a l  s i m u l a t o r ,  l o c a t e d  i n  t h e  s u p p o r t  
equ ipmen t  t r a i l e r  o u t s i d e  t h e  t e s t  chamber ,  w i l l  
be c o n n e c t e d  t o  t h e  ha rdware  v i a  a t e s t  chamber 
f e e d  t h r o u g h .  The a l p h a  g i m b a l  s i m u l a t o r  i s  
e x p e c t e d  t o  have a s t a t i o n  c o n f i g u r a t i o n  r o l l  r i n g  
assemb ly  f o r  t r a n s m i s s i o n  o f  power  and d a t a  to  t h e  
PV Modu le  d u r i n g  t e s t i n g .  I t  i s  n o t  c o n s i d e r e d  
e s s e n t i a l  to  use t h e  a l p h a  g i m b a l  b e a r i n g ,  h o u s i n g ,  
or  d r i v e  mechanism t o  a c c o m p l i s h  t h e  t e s t  o b j e c -  
t i v e s  [ 1 9 1 .  T russ -bay  s i m u l a t o r s  r e p r e s e n t i n g  
two-and-a h a l f  bays  o f  s t a t i o n  t r u s s  w i l l  p r o v i d e  
s t r u c t u r a l  a t t a c h m e n t  p o i n t s  f o r  t h e  I E A  and 
b e t a  g i m b a l  m o u n t i n g s .  
The s t r u c t u r a l  s u p p o r t  for  a l l  t h e  a s s e m b l i e s  
w i l l  bs  p r o v i d e d  b y  a l a r g e  t e s t  f i x t u r e  or  assem- 
b l y  work  p l a t f o r m .  The assemb ly  work  platform 
w i l l  be mounted o n  a s e r i e s  o f  vacuum-compa t ib le  
r a i l  t r a c k s  t h a t  w i l l  [use t h e  e x i s t i n g  r a i l s  to  
move t h e  t e s t  c o n f i g u r a t i o n  from t h e  assemb ly  a r e a  
t o  t h e  t e s t  chdmber .  The p r e s e n t  c o n f i g u r a t i o n  i s  
o r i e n t e d  t o  m i n i m i z e  c a b l e  r u n s  to  t h e  two s i i p p o r t  
e q u i p m e n t  t r a i l e r s  t h a t  w i l l  be l o c a t e d  o u t s i d e  t h e  
t e s t  chamber .  These t r a i l e r s  w i l l  c o n t a i n  dc and 
ac power s o u r c e s ,  e l e c t r i c a l  s i m u l a t o r s ,  l o a d s '  
bank ,  and a c o n t r o l  c o n s o l e  w i t h  t h e  d a t a  a c q u i s i -  
t i o n  sys tem.  These s u p p o r t  e q u i p m e n t  t r a i l e r s  
w i l l  a l s o  be used  a t  d i f f e r e n t  l o c a t i o n s  f o r  t h e  
PMAD deve lopmen t  t e s t s ,  IACO t e s t s ,  and o t h e r s .  A 
L a y o u t  o f  t h e  s u p p o r t  equ ipmen t  t r a i l e r s  i s  shown 
i n  F i g .  IO. 
3 .  Space Power F a c i l i t y  D e s c r i p t i o n  
The Space Power F a c i l i t y  ( S P F ) ,  w h i c h  i s  man- 
aged b y  NASA L e w i s ,  i s  t h e  w o r l d ' s  l a r g e s t  space 
e n v i r o n m e n t a l  s i m u l a t i o n  chamber .  I t  was s e l e c t e d  
because i t  i s  t h e  o n l y  f a c i l i t y  l a r g e  enough t o  
accommodate t h e  PV Modu le  t e s t  a r t i c l e  and i t s  
s u p p o r t  s t r u c t u r e  i n  a s - c l o s e - t o - f l  i g h t  c o n f i j i i 1 . a -  
t i o n  as p o s s i b l e  [201. 
SPF was b u i l t  d u r i n g  t h e  l a t e  1 9 6 0 ' s  i n  t h e  
NASA Lew is  Plumbi-ook S t a t i o n  i n  Sandusky ,  O h i o  
( F i g .  5 ) .  The f a c i l i t y  was d e s i g n e d  t o  accomnio- 
d a t e  any  t y p e  o f  e l e c t r i c  power g e n e r a t i n g  sys tem 
up t o  15 blW, e l e c t r - i c  and c h e m i c a l  p r o p u l s i o n  sys -  
tems,  and n u c l e a r -  power g e n e r a t i o n  sys tems .  The 
f a c i l i t y  was o p e r - a t i o n a l  i n  1969 and a s e r i e s  o f  
t e s t s  were s u c c e s s f u l l y  p e r f o r m e d  b e f o r e  b e i n g  
p l a c e d  i n  s t a n d b y  mode i n  1975 .  D u r i n g  t h e s e  6 
y e a r s ,  SPF was used  t o  c o n d u c t  o p e r a t i o n a l  t e s t s  
o f  a 9 k W  c l o s e d  B r a y t o n  c y c l e  space p o k e r  sys tem,  
s e p a r a t i o n  t e s t s  o f  S k y l a b  and T i t a n I C e n t a u r  
Sh rouds .  deve lopmen t  base h e a t i n g  t e s t s  o f  an 
O r b i t e r  s c a l e - m o d e l ,  f l i g h t  q u a l i f i c a t i o n  o f  space 
e x p e r i m e n t  har -dware ,  and c l o u d  p h y s i c s  r e s e a r c h  
r 2 1 1 .  From 1979  to 1985.  NASA Lew is  l e a s e d  t h e  
f a c i  1 i t y  t o  G a r r e t t  C o r p o r a t i o n  for  m a n u f a c t u t - i n g  
o f  gas c e n t r i f u g e s  u n d e r  t h e  D e p a r t m e n t  o f  E n e r g y  
(DOE) c o n t r a c t .  D u i - i n g  G a r r e t t ' s  occupancy ,  e x t e n -  
s i v e  m o d i f i c a t i o n s  were made to  t h e  t e s t  chamber 
and i t s  a s s o c i a t e d  e q u i p m e n t .  
Dut - ing  t h e  p a s t  two y e a r s ,  t h e  f a c i l i t y  was 
r e s t o r e d  to  i t s  o r i g i n a l  c o n d i t i o n ,  u n d e r  a 
DOE / N A S A  i n t e  r a g e n c y  agreenien t . Modi f i c a t  i on8 
were made t o  t h e  t e s t  chamber ,  vacuum sys tem,  and 
t h e  assemb ly  and d i s a s s e i n b l y  a r e a s .  A numbel- o f  
s t 1' uc t ti Ira 1 and  me c h an i c a 1 s ti b s y s t ems unde 1. wen t 
c 1 e a n i  ng , r e p a i  I-, a n d / o r  r e i  n s t a l  1 a t  i o n .  Pumpdown 
t e s t s  p e l - f o i n i e d  i n  l a t e  1988 a c h i e v e d  vacuum l e v -  
e l s  o f  t o r r ,  and m i n o r  chamber l e a k s  were 
d i s c o v e r e d .  NASA p i - e s e n t l y  p l a n s  to e l i m i n a t e  t h e  
t e s t  shanibei- l e a k s  to  impvcve t h e  chamber vacuuin 
l e v e l  cjf 10-7 t c r r .  I n  a d d i t i o n ,  NASA wil I 
e v a l u a t e  and c o 1 - r e c t  f d i  l u r e  modes t h a t  p r o d u c e  
b a c k s t r e a i n i n g  and e s t a b l i s h  c l e a n l i n e s s  l e v e l  o f  
t h e  t e s t  chamber- and d i s a s s e m b l y  a r e a .  F u t u r e  
p l a n s  a l s o  i n c l u d e  c o m p l e t e  r e h a b i l i t a t i o n  and 
r e a c t i v a t i o n  o f  t h e  l i q u i d  n i t r o g e n  (LN2)  s y s t e m  
i n  F ' f  91 t o  p r o v i d e  a d e q u a t e  t h e r m a l  e n v i r o n m e n t  
for  t h e  PV N o d u l e .  The c a p a b i l i t i e s  and r e p a i r  
s t a t u s  of t h e  t e s t  chamber- and i t s  m a j o r  subsys -  
terns a r e  s u n i n m i z e d  i n  T a b l e  V [ 2 2 1 .  
SPF c o n s i s t s  o f  t h r e e  i i i a in  a r e a s :  ( a )  t e s t  
chaintier-, ( b )  assemb ly  and shop a r e a ,  and ( c )  d i s a s - -  
se inb ly  a r e a .  A p l a n  v i e w  o f  SPF and a cross sec-  
t i o n  o f  t h e  t e s t  chamber a r e  showrl i n  F i g .  6 arid 
7 .  Th ree  s e t s  o f  s t d n d a r d  gage r . a i 1 r o a d  t c a c k s  
r u n  t h r o u g h  t h e  ma in  a r e a s .  
The SPF t e s t  chamber c o n s i s t s  o f  a vacciiini-- 
t i g h t ~ hem i s p l ie r e -  shaped a I uirii num ve s s e 1 of  
1 0 0 - f t - d i a m e t e i .  b y  122- f t -1nax imi in i  h e i g h t .  I t  i s  
s u r r o u n d e d  b y  a v a c u u m - t i g h t  heavy  c o n c r e t e  e n c l o -  
s u r e  f o r  n u c l e a r  s h i e l d i n q  and i n t e r n a l  p r e s s u r e  
c o n t a i n m e n t  o f  lip t o  8 p s i g .  The s t r u c t u r - e  i s  
a l s o  d e s i g n e d  to  w i t h s t a n d  a t m o s p h e r i c  p r e s s u i - e  
e x t e r n a l l y  w i t h  2 5  itim Hg be tween t h e  t e s t  chamber- 
and t h e  c o n c r e t e  e n c l o s u r - e .  The chamber- i s  con-  
s t r u c t e d  of t y p e  5083 a lum inum,  w h i c h  i s  c l a d  on 
t h e  i n t e r i o r .  sur f a c e  w i t h  1 / 8 - i n . - t h i c k  t y p e  3033 
a lumin t i in  f o r  c o i ' i - o s i o i i  c o n t r o l .  The a lu in inu in  cliam- 
ber- ,vessel  i s  d e s i g n e d  f o r  2 . 5  p s i g  e x t e r n a l  p f e s -  
s u r e  and i n t e r n a l  p r e s s u r e  o f  5 . 0  p s i g .  I t  i s  
c a p a b l e  o f  e n v i r o n m e n t a l  t e s t i n g  i n  a vacuum 
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between 10-5 t o  t o r r .  The chamber f l oo r  i s  
f l a t  and  h e a v i l y  b r a c e d  t o  w i t h s t a n d  a t o t a l  l o a d  
o f  250 I b / f t 2  ( 2 0 0  t o n s ) .  The chamber i s  e q u i p p e d  
w i t h  a 2 0 - t o n  r e m o t e l y - c o n t r o l l e d  p o l a r  c r a n e .  I t  
a l s o  p r o v i d e s  for a t e s t  a r t i c l e  e n v e l o p e  of 
9 0  f t - d i a m e t e r  b y  1 0 0 - f t - h e i g h t  [ 2 1 1 .  O t h e r  cham- 
b e r  f e a t u r e s  i n c l u d e :  a n  8 b y  8 - f t  a i r l o c k  and  a 
f u l l  complement o f  we lded  p e n e t r a t i o n s  f o r  e l e c t r i -  
c a l  and c o n t r o l  w i r i n g ,  c o o l i n g  w a t e r ,  and  t h e  vac -  
uum sys tem.  Two c o n c r e t e  d o o r s  w i t h  50 b y  5 0 - f t  
o p e n i n g s  p r o v i d e  access  t o  t h e  assemb ly  and d i s a s -  
semb ly  a r e a s .  D o u b l e - d o o r  s e a l s  a r e  u s e d  to 
p r e v e n t  chamber l e a k a g e .  
c e n t  t o  t h e  t e s t  chamber and  t h e i r  s i z e s  a r e  
7 5 ( w i d t h )  b y  1 5 0 ( l e n g t h )  b y  8 0 ( h e i g h t ) - f t  and 
50Cwid th )  b y  1 5 0 ( l e n g t h )  b y  4 0 ( h e i g h t ) - f t ,  
r e s p e c t i v e l y .  
o v e r h e a d - b r i d g e  c r a n e s  (25 -  and 10 - ton ,  
r e s p e c t i v e l y ) .  
The d i s a s s e m b l y  a r e a  i s  a l s o  l o c a t e d  a d j a c e n t  
t o  t h e  t e s t  chamber ,  o p p o s i t e  t o  t h e  assemb ly  a r e a  
and  i t s  s i z e  i s  7 0 ( w i d t h )  b y  1 5 0 ( l e n g t h )  b y  
7 6 ( h e i g h t ) - f t .  I t  c o n t a i n s  a r e m o t e l y - c o n t r o l l e d  
o v e r h e a d  b r i d g e  c r a n e  arid can  be used  for  d i sassem-  
b l y  and p a c k a g i n g - f o r - s h i p m e n t  o f  t h e  t e s t  a r t i -  
c l e .  T h i s  a r e a ' s  i n t e r n a l  s u r f a c e  i s  e p o x y - c o a t e d ,  
w i t h  e x t e n s i v e  v e n t i l a t i o n  and c o n t a m i n a t i o n  
c o n t r o l .  
The asser i ib ly and  shop a r e a s  a r e  l o c a t e d  a d j a -  
B o t h  a r e a s  a r e  e q u i p p e d  w i t h  
The vacuum s y s t e m  c o n s i s t s  o f  32 h igh -vacuum 
o i l  d i f f u s i o n  pumps t h a t  a r e  4 8 - i n . - d i a m e t e r ,  l i q -  
u i d  n i t r o g e n - b a f f l e d ,  e l e c t r i c a l l y  h e a t e d ,  and 
each  w i t h  a c a p a c i t y  o f  43 .000 l i t e r / s e c .  These 
d i f f u s i o n  pumps a r e  mounted i n  t h e  chamber f l o o r .  
Two 5 - s t a g e  r o u g h i n g  t r a i n s  o f  m e c h a n i c a l  pumps 
p r o v i d e  a d d i t i o n a l  pumping  c a p a c i t y .  The t e s t  
chamber can  b e  e v a c u a t e d  from a t m o s p h e r i c  p r e s s u r e  
t o  10-6 t o r r  i n  a p p r o x i m a t e l y  18  h r .  The d i f f u -  
s i o n  pumps can not n o r m a l l y  be a c t i v a t e d  u n t i l  a 
o r e s s u r e  o f  10-3 t o r r  has  been r e a c h e d  [ 2 2 1 .  
The f a c i l i t y  has  a 4 0 - f t - d i a m e t e r  b y  4 0 - f t - h i g h  
c o l d  w a l l  i n  s t o r a g e  t h a t  i s  c a p a b l e  o f  c r y o g e n i c  
t e m p e r a t u r e s  down t o  -300 " F  [ 2 2 1 .  I t  i s  d i v i d e d  
i n t o  four q u a d r a n t s ,  each w i t h  i t s  own GN2 s u p p l y  
and  r e t u r n  l i n e s  ( 2 2  c o o l i n g  zones  a v a i l a b l e )  
w h i c h  p e n e t r a t e  t h e  a lum inum f loor .  The LN2 i s  
s u p p l i e d  b y  two o n - s i t e  s t o r a g e  v e s s e l s  o f  217,000 
and  28 ,000-ga l  c a p a c i t y .  NASA i s  p r e s e n t l y  c o n s i d -  
e r i n g  a l a r g e r  c o l d  w a l l  d e s i g n ,  w h i c h  u t i l i z e s  
t h e  e x i s t i n g  d e s i g n ,  t o  s u p p o r t  t h e  PV Modu le  
t e s t s .  
The f a c i l i t y  has  a l s o  i n  s t o r a g e  a 7-MW q u a r t z  
h e a t e r  w h i c h  c o n s i s t s  o f  1-kW t u n g s t e n  lamps c u r -  
r e n t l y  c o n f i g u r e d  i n  a 1 6 - f t - d i a m e t e r  b y  5 7 - f t  
h i g h  h e a t e r  a r r a n g e m e n t .  I n  a d d i t i o n ,  a 400 kW 
( 1 "  1 9 '  c o l l i m a t i o n )  a r c  lamp w i t h  m i r r o r s  i s  
a v a i l a b l e  f o r  s o l a r  s i m u l a t i o n .  
SPF has  a f a c i l i t y  c o n t r o l  room ( 8 2 8  f t 2 )  
where a l l  t h e  f a c i l i t y  o p e r a t i o n  p a n e l s  ( c o n t i - 0 1 s  
f o r  vacuum and c r y o g e n i c  s s tems)  r e s i d e  and a 
The i n s t r u m e n t a t i o n  
sys tem p r o v i d e s  a b o u t  900 h a r d  l i n e s  from t h e  cham- 
b e r  to t h e  i n s t r u m e n t  room i n  t h e  basement  of t h e  
t e s t  c o n t r o l  room (2526  f t  3 ) .  
t e s t  c o n t r o l  iroom. The h a r d  l i n e s  c o n s i s t  o f  t h e ) - -  
s o c o u p l e ,  b r i d g e - t y p e ,  p o t - - t y p e ,  s i g n a l  inoni t o r ,  
h i g h - f r e q u e n c y .  h i g l i - p o w e r ,  and low-power c i r c u i t s .  
O t h e r  SPF u t i l i t i e s  i n c l u d e :  p o t a b l e  and 
d e n i i n e r a l  i z e d  w a t e r  s y s t e m ,  sewage- t rea tmen t  sys -  
tem, c o o l i n g  t o w e r ,  and compressed-a i r  sys tem.  
4 .  T e s t  S c e n a r i o s  
A c c o r d i n g  t o  t h e  MIL-STD-15408 g u i d e l i n e s  f o r  
t h e r m a l  vacuum t e s t i n g  o f  s p a c e c r a f t  f l i g h t  sys -  
tems, t e s t i n g  w i l l  c o n s i s t  of a t  l e a s t  f o u r  com- 
p l e t e  h o t  and c o l d  c y c l e s  a t  t h e  maximum p r e d i c t e d  
o r b i t a l  r a t e  o f  tempera tu r -e  change,  w i t h  a t  l e a s t  
a n  8 h r  t h e r m a l  soak  a t  each t e m p e r a t u r e  e x t r e m e  
o f  t h e  c y c l e .  The chamber p r e s s u r e  s h a l l  be 
m a i n t a i n e d  a t  I x ~ O - ~  to r r  or l e s s  [ 2 3 1 .  The 
MIL-STD-15408 e r i v i  ronmen t a l  t e s t  r e q u i r e m e n t s  f o r  
s y s  tem- 1 eve  1 t h e  rina 1 vacuum t e s t i ng a r e  summar i zed  
i n  T a b l e  V I I I .  
D u r i n g  chamber punrpdown, s e l e c t i v e  components 
may be m o n i t o r e d  fo r  c o r o n a  and m u l t i p a c t i n g ,  or 
s e c o n d a r y  e m i s s i o n s .  An example  where t h e s e  t y p e s  
o f  phenomena c o u l d  be' e x p e c t e d  t o  o c c u r  i s  i n  t h e  
case  o f  t h e  b a t t e r i e s ,  w h i c h  w i l l  be l a u n c h e d  
f u l l y  c h a r g e d  i n  t h e  O r b i t e r  [ 2 3 1 .  The r a t e  and 
q u a n t i t y  o f  o u t g a s s i n g  may a l s o  be m o n i t o r e d  t o  
a s s u r e  t l l a t  the PV Modu le  and t e s t  equ ipmen t  does  
n o t  d e g r a d e  s y s t e m - l e v e l  p e r f o r m a n c e .  The SPF 
chamber t e m p e r a t u r e  will be c o n t r o l l e d  so t h a t  d u r -  
i n g  t h e  h o t  o r  c o l d  t e m p e r a t u r e  e x t r e m e s ,  a t  l e a s t  
one ORU o n  t h e  I E A  w i l l  be a t  i t s  p r o t o f l i g h t  
d e s i g n  t e m p e r a t u r e  [ 2 4 1 .  The e x a c t  p r o t o f l  i g h t  
t e m p e r a t u r e  l e v e l s  a r e  s t i l l  s u b j e c t  to d i s c u s s i o n ,  
b u t  c o u l d  b e  as  much as  1 1  " C  g r e a t e r  ( l e s s )  t h a n  
t h e  maximum (min imum)  p r e d i c t e d  o n - o r - b i  t tempera-  
t u r e  e x t r e m e s  [191 .  The t e m p e r a t u r e s  f o r  c r i t i c a l  
components  w i l l  be r e c o r d e d  i n  r e a l - t i m e  to  p r e v e n t  
o v e r t e s t i n g .  D u r i n g  t h e  t h e r m a l  vacuum c y c l e s ,  
t h e  b a t t e r i e s  a r e  e x p e c t e d  to  u n d e r g o  l i m i t e d  
c y c l i n g  a t  t e m p e r a t u r e  r a n g e s  n o t  to  exceed - 5  t o  
t 2 5  " C .  The D e p t h - o f - D i s c h a r g e  (DOD) w i l l  r a n g e  
u p  to  35 p e r c e n t  for  mos t  c y c l e s ,  b u t  s e v e r a l  low 
C - r a t e  80 p e r c e n t  DOD c o n t i n g e n c y  t e s t s  may be 
p e r f o r m e d  191.  
P o t e n t i a l  t e s t  s c e n a r i o s  a r e  s t i l l  u n d e r  d i s -  
c u s s i o n ,  b u t  a r e  e x p e c t e d  to  f a l l  w i t h i n  t h e  f o l -  
l o w i n g  a r e a s  [ 2 4 1 :  
( a )  N o n - o p e r a t i o n a l  h o t  and c o l d  soak t e s t s  t o  
s i m u l a t e  unpoweved s t o r a g e  modes. Hardware  w o u l d  
be s u b j e c t e d  to  t h e  e x p e c t e d  t e m p e r a t u r e  ex t remes  
w i t h  f u n c t i o n a l  t e s t s  p e r f o r m e d  b e f o r e  and a f t e r  
e x p o s u r e  t o  d e t e r m i n e  e f f e c t  on p e r f o r m a n c e .  
( b )  O p e r a t i o n a l  h o t  and c o l d  soak t e s t s  where 
t h e  h a r d w a r e  w o u l d  be s u b j e c t e d  t o  t e m p e r a t u r e  
e x t r e m e s  Urhi l e  powered on. O p e r a t i o n a l  s t a t u s  
w o u l d  a l  lo\+ e l e c t r i c a l  i n t e r m i t t e n t s ,  such  as 
r e l a y  c h a t t e r  and t h e r m a l  l y - i n d u c e d  s h o r t s ,  to  be 
d e t e c t e d .  
( c )  O n - o r b i t  c o n f i g u r a t i o n  t e s t s  per fo r -med a t  
n o m i n a l  e n v i  ronmen t s  to  v e r i f y  f u n c t i o n a l  p e r f o r m -  
ance .  D e t a i  I s  a r e  d e s c r i b e d  p r e v i o u s l y .  
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( d )  Hot and  c o l d  s t a r t - u p  t e s t s  where t h e  h a r d -  
ware i s  soaked a t  a t e m p e r a t u r e  e x t r e m e  u n t i l  s t a -  
b i l i z e d ,  and s t a r t - u p  p e r f o r m a n c e  i s  t h e n  v e r i f i e d .  
The e n v i r o n m e n t a l  t e s t s  w i  11 be  p r e c e d e d  b y  
f u n c t i o n a l  t e s t s  c o n d u c t e d  a t  a m b i e n t  p r e s s u r e  and 
t e m p e r a t u r e  c o n d i t i o n s .  The t e s t  w i l l  be d e s i g n e d  
t o  d e t e r m i n e  t h e  b a s e l i n e  f u n c t i o n a l  p a r a m e t e r s  o f  
a l l  t h e  e l e c t r i c a l ,  e n e r g y  s t o r a g e ,  t h e r m a l ,  and 
m e c h a n i c a l  subsys tems  and t o  d e t e r m i n e  p e r f o r m a n c e  
d e f i c i e n c i e s  p r i o r  to i n t r o d u c t i o n  of e n v i r o n m e n t a l  
s t r e s s e s  on t h e  PV Modu le  1231.  
MIL-STD-I5406 r e q u i r e s  t h a t  t h e r m a l  e q u i l i b r i u m  be 
e s t a b l i s h e d  a t  b o t h  h o t  and c o l d  t e m p e r a t u r e  
ex t remes  t o  a l l o w  v e r i f i c a t i o n  of p e r f o r m a n c e  o f  
t h e r m o s t a t s ,  h e a t  p i p e s ,  e l e c t r i c  h e a t e r s ,  and t h e  
c o n t r o l  a u t h o r i t y  o f  t h e  a c t i v e  t h e r m a l  s y s t e m  
[231.  
D u r l n g  a t  l e a s t  one  t e m p e r a t u r e  c y c l e ,  
T e s t  d u r a t i o n s  s h a l l  be s u f f i c i e n t  t o  t e s t  a l l  
o r b i t a l  o p e r a t i o n a l  c o n d i t i o n s  and a1 1 equ ipmen t  
f u n c t i o n a l  modes i n c l u d i n g  r e d u n d a n c y  [ 2 3 1 .  
Redundancy c h e c k i n g  w i l l  be p e r f o r m e d  under  o p e r a -  
t i o n a l  c o n d i t i o n s  so t h a t  t h e  number o f  l i f e  
c y c l e l l o a d  e x p o s u r e s  b y  each  r e d u n d a n t  c i r c u i t  i n  
t h e  t h e r m a l  c o n t r o l  and e l e c t r i c a l  subsys tems  a r e  
a p p r o x i m a t e l y  e q u a l  [ 2 4 1 .  
for 6 months p r i o r  t o  h a r d w a r e  r e f u r b i s h m e n t  as 
needed and d e l i v e r y  to the c o n t r a c t o r  p l a n t  f o r  
t h e  PV i n s t a l l a t i o n ,  a s s e m b l y ,  and c h e c k o u t  
( I A C O ) .  Hardware  r e f u r b i s h m e n t  i s  e s s e n t i a l l y  a 
" h e a l t h  d e t e r m i n a t i o n "  and p e r f o r m a n c e  r e b a s e l i n -  
i n g  p r o c e d u r e .  B a t t e r y  r e f u r b i s h m e n t  w i l l  c o n s i s t  
o f :  i n s p e c t i o n  and i n s u l a t i o n  t e s t ,  t o u c h - u p  and 
r e p a i r  as needed,  t w o  s t a n d a r d  c a p a c i t y  and 
v o l t a g e  t e s t  c y c l e s ,  s e l f - d i s c h a r g e  t e s t ,  and f i n a l  
i n s p e c t i o n  a n d  i n s u l a t i o n  t e s t  C191. F i n a l  PV 
Module d e l i v e r y  t o  t h e  l a u n c h  s i t e  w i l l  o c c u r  
t h r e e  months p r i o r  t o  t h e  f i r s t  e l e m e n t  l a u n c h  
(FEL)  i n  F Y  1995.  
C u r r e n t l y ,  t h e  S P f  t e s t i n g  window i s  s c h e d u l e d  
V I .  CONCLUDING REMARKS 
WP04's s e l e c t e d  a p p r o a c h  t o  t h e  p r o t o f l i g h t  PV 
Power Modu le  Thermal  Vacuum T e s t  w i l l  p r o v i d e  e n g i -  
n e e r i n g  c o n f i d e n c e  i n  t h e  c a p a b i l i t y  o f  PV Power 
Modu le  to  p e r f o r m  as a n  i n t e g r a t e d  sys tem w h i c h  
can be assemb led  and  v e r i f i e d  i n  a g r o u n d  t e s t  
f a c i l i t y .  P r o g r a m m a t i c a l l y ,  t h i s  a p p r o a c h  meets 
c o s t  and s c h e d u l e  c o n s t r a i n t s .  The h i s t o r y  o f  t h e  
s y s t e m - l e v e l  e n v i r o n m e n t a l  t e s t s  for space v e h i -  
c l e s  d e m o n s t r a t e s  t h e  v a l u e  o f  t h i s  t e s t  i n  l o w e r -  
i n g  t h e  r i s k  o f  o n - o r b i t  f a i l u r e s .  
d e t e c t e d  d u r i n g  s y s t e m - l e v e l  t h e r m a l  vacuum t e s t -  
i n g ,  such as c o r o n a / a r c i n g ,  m u l t i p a c t i n g ,  e l e c t r i -  
c a l  s h o r t i n g ,  o u t g a s s i n g ,  and d e l a m i n a t i o n ,  a r e  
g e n e r a l l y  s i g n i f i c a n t  i n  n a t u r e .  These p r o b l e m s  
s h o u l d  have been d i s c o v e r e d  a t  l o w e r  t e s t i n g  l e v -  
e l s ,  and i f  n o t  c o r r e c t e d ,  c o u l d  be c o n s i d e r e d  
p o t e n t i a l  o n - o r b i t  f a i l u r e s .  
P rob lems  
The NASA L e w i s  Space Power f a c i l i t y  i s  t h e  
o n l y  f a c i  1 i t y  l a r g e  enough t o  accommodate t h e  base-  
l i n e  PV Power Modu le  i n  i t s  most r e p r e s e n t a t i v e  
f l i g h t  c o n f i g u r a t i o n .  
r e s t o r e  SPF to i t s  o r i g i n a l  c o n d i t i o n  i s  c o m p l e t e .  
C u r r e n t  and n e a r  t e r m  p l a n s  w i l l  s u p p o r t  c o m p l e t e  
f a c i l i t y  r e a d i n e s s  i n  FY 1994.  
The i n f o r m a t i o n  o b t a i n e d  from t h i s  t h e r m a l  
vacuum t e s t  w i l l  be e s s e n t i a l  t o  e s t a b l i s h  c o n f i -  
dence I n  t h e - o p e r a t i o n a l  r e a d i n e s s  and s a f e t y  of 
t h e  PV Power Modu le .  The d a t a  w i l l  h e l p  v e r i f y  
a n a l y s i s  m o d e l i n g  tools and a s s u m p t i o n s  made 
e a r l i e r  d u r i n g  t h e  deve lopmen t  phase,  h e l p  debug 
o p e r a t i o n a l  c o n t i n g e n c y  p r o c e d u r e s  for o n - o r b i t  
f a i l u r e  s c e n a r i o s ,  and a s s i s t  d u r i n g  t r a i n i n g  o f  
a s t r o n a u t s  and o p e r a t o r s .  I t  i s  e x p e c t e d  t h a t  a 
f i r s t - o f - i t s - k i n d  d a t a b a s e  w i l l  be e s t a b l i s h e d  for  
use i n  f u t u r e  o n - o r b i t  anomaly i n v e s t i g a t i o n s ,  
f u t u r e  ha rdware  d e v e l o p m e n t ,  and systems p e r f o r m -  
ance m o d e l i n g  of l a t e r - a s s e m b l y  c o n f i g u r a t i o n s .  
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TABLE 1 .  - SOLAR POWER MODULE HAROIIARE AN0 PRIMARY FUNCllON (NOVEMBER 16, 1981 BASELINE) 
( a )  Soldi- Powei Module (SP1.I) l la idwaie 
I -  
Hardware name 
I .  PhOtOvOltdlC module 
A. I nboard  
E. Outboard 
I .  So la r  a r r a y  assenibly 
2.  Sequen t ia l  Shunt U n i t  (SSU) 
3 .  Beta  gimbal assembly 
4 .  I n t e g r a t e d  Equlpment Assembly ( I E A )  
a.  Energy Stordge Assembly ( E S A )  
b .  E l e c t r l c a l  Equipment Assembly ( E E A )  
I .  dc Sw l t ch lng  U n l t  (DCSU) 
2 .  B a t t e r y  ChargelOischar-ge U n i t  
( BCDU ) 
3.  Ha in  I n v e r t e r  U n l t  
(MIU) 
4 .  M a l n  Bus Swl tch lng  Un l t  
5.  Power D l s t r l b u t l o n  and Con t ro l  
(MBSU) 
U n i t  (PVCU) 
6 .  P h o t o v o l t a i c  c o n t r o l l e r  (PVC) 
c .  Thermal C o n t r o l  Assembly (TCA) 
! I .  SPH I n t e q v a t l o n  hat-dware 
A.  Truss s t r u c t u r e  
E. PV equlpment s t r u t  se t  
C .  Beta gimbal t i a n s l t l o n  
s t r u c t u r e  
0 .  U t l l l t y  t r a y s  
E .  EVA t i a n s l a t l o n  v a I I s  
F .  O r l e n t d t l o n  I l q h t s  
__ -. ~ __ 
Primary fu i i c t  Ion 
-~ . ... . . .. ~ __ 
Provlde 3 7 . 5  klle ne t  average power 
P iov ide  I 8  7 5  klle net avei'age power 
P rov ide  i R . 7 5  )He Met aveiaqe power 
Geneiate h l y h - v o l t a g e  dc powei d u r i n g  d d y l l g h t  p o r t i o n  o f  
l l i e  or -b i t  to supply the dc power demand t o  1eChdlge the 
bd t t e r  i e 8  
C o i i t l o l  and r e g u l a t e  a1 -1 .a~  vo l tage  to approx ima te l y  
160 Vdc 
Provlde beta p o l n t i n q  and t l 'achlnq f o r  the s o l a r  
a r rays  i n  r e s p o n s e ~ t o  coiluiidnds ironi the P h o t o v o l t a l c  
Con t ro l  I e l  ( P V C )  
S t r u t t u r a l  moointinu for the E S A .  the E E A .  and the TCA 
i s  b d t t e r y  assemi l i es  t l la t  ove ra te  w i th  f i v e  BCDU'S t o  
meet s t a t i o n  power requirments d u r i n g  e c l i p s e .  s t a r t - u p  
ops. and loss o f  l o c a l  o r  S ta t i on -w ide  pouer 
Cond l t l on  and c o n t r o l  s t d t l o r i  e l e c t r i c a l  power 
Switch power from the SSi) t o  l4 IU d u r i n g  s i i n l i q h t .  sw i t ch  
powei- f ro l i i  t i le b a t t e r y  BCDU t o  the MIU d u r i n g  e l c l p s e  
e c I  Ipse 
C o n d l t l o n  b a t t e l y  charge and d l scha ige  power bdsed on 
conlmdnds from the PVC 
Convert dc regu la ted  souice power to 440 Vac, 20 kHz. 
i-phase power 
Transfer 440 Vac. 20-k1lr. I -phase power to d POCA. I n  the 
Inboard PV Module 
Reduce the vo l tage  to 208 Vdc and p rov lde  dC c o n t r o l  
power to the SSU. PV pump u n i t ,  BCDU. MIU. a n d  DCSU; 
Provlde ac power t o  the PVC for be ta  gimbal motor power 
and PV a i r a y  deployment power 
Provlde coniinunlcatlons between the PIIC arid the PV module 
func t lona I con t r o l  I e r r  
A c t i v e l y  cools the ESA and E E A  to d ded lca ted  r a d i a t o r  f o r  
rejection t o  space 
I n t e g r a t e  the zwajor PV Module dssernblles w i t h  each other 
and the l e s t  of the s t a t i o n  
S i n  5-m t tuss  bays to p rov lde  the p r i m a i y  SPH 
s t i u c t u i e  on e a c h  s lde  o f  the alpha gimbal 
P lov ide  the t l ' a n s i t i o n  s t r u c t u r e  to mount the IEA 's  to the 
t i u s s  s t i u c t u i e  
Plov ide  the s t f -uc tu re  to i iuunt the beta gi i i ibals t o  the 
t russ  s t i -uc tu ie  and to sirppo~ t the s o l a r  a r r a y  assemblies 
Provide the electrical and data i n t e r f a c e  between the 
PV i iadir le comporierits arid l l i e  stat ion i n t e r f a c e s  
41lou t ! a l i s l a t i o n  o f  I V A  ci-eupei son d lo i ig  the i l l t e g r d t e d  
Provide t l ie necessary i i g h t l n g  f o r  adequate 5PM v iew ing  by 
t i  l l s s  asselably 
EVA crewpersons 01 camel-as 
( b )  D i s t r i b u t e d  e l e c t r i c  power system l ia idwdte -__--_ 
1 1 .  Inboard Maln Bus Sui tc l i lnq  
Assembly (MESA) I I l l .  Truss feeders 
IV .  Power d i s t r i b u t i o n  and c o n t r o l  
V. Transformer u n l t s  
V I .  Node sw i t ch ing  u n i t  
assembly-truss (PCDA-truss) 
( T U ' S )  
V I I .  PDCA Modules 
V I I I .  N S I S  power c o n v e r t e i  u n i t  
( NPCU ) 
I X .  Power mdnaqenient c o n t r o l  l e r  
( PMC ) 
~~~ ~~~ 
Provide t r a n s f e r .  v i a  , 0 1 1  r i n g s .  o f  440 Vac powet- from 
the outboai-d MESA ( i n  SPi.11 t o  the i nboard  MESA (on the 
i n t e g i d t e d  t r u s s  assemb ly - l lA1  and dc corittol powei 
t h e  b a t t e i y  BCDIJ t o  t h e  I P S  O W ' S  l nboa td  o f  the alpha 
g l n l b a l ;  a l l ow  b l d i i e c t i o l l a l  data t I a n s f e i  betweell 
the PVC and the PllC 
feeder network (upper and lowei 25-kH l i i i i g  feeder.8 f o r  
each t.esouice node) 
i t -usr- i i iounted PUCU's), which reduce vo l tage  fruni 440 t c  
to 208 V a c  ( u t i l i t y  grade powei)  
and trUSS payload8 
Place d i s t i ' i b u t i o n  power (440 Vac) onto the s t a t i o n  
Follow t l ie s t d t i o n  t russ  s t r u t u r e  ( p r o v i d l n g  440 Vat t o  
Provlde u t i l i t y - g r d d e  puwer t o  t l ie p a l l e t  usel  i n t e r f a c e  
P iov ide  s i t i g l e - p o i n t  g iound ing  and reduce v o l t a g e  from 
Receive 208 Vac flont the (NSUI TU and p lace  i t  o n t o  d 
Provide u t l l i t y  grade power to the rach  user i n t e i f a c e  
Each NPCU rece ives  u t i l i t y - q i a d e  power ftoin the module 
440 to 208 Vac 
feeder netwotk 
i n  the resource nodes and lab  and hab nloduies 
mounted PDCIJ's and ta-ansfel s N S l S - t 0 - s t a t i o n  EPS power 
and v i c e  versa 
PDCA.  PMC manages. coo id l i i d tes .  and conti-ols the 
d l s t i i b u t e d  fi'S hardware 
Each P l K  rece ives  208 Vac power ftom the nwduie-mounted 
a Q u a n t ) t y  pe r  module 
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TABLE 11. - ENVIRONMENTAL TEST 08.IECTIVES ( R e f .  8 )  
Prograiii 0 
16 t e s t s  
Total  T l i e i i i i J l  
~-..~ 
W d c  Ul l l l l  
04 01 
2 2  08 
18 06 
03 -- 
05 02 
03 - -  
01 -- 
01 01 
03 01 
01 --  
08 02 
07 01 
01 01 
F a i l u r e  c o n d i t i o n s  
Progr-ani C 
5 t e s t s  
l o t d l  Themdl  
vaciwi i  
..~. - -~ 
- -~ 
01 - 
I 1  1 1  
02 02 
.. ._ 
.. _. 
01 - -  
03 -- 
.. .. 
._ _ _  
07 07 
02 02 
02 02 
._ _ _  
Environmentdl  t e s t s  
T o l d 1  
0 3  
08 
- 0 1  
01 
01 
-. 
.. 
.. 
02 
07 
.. 
_.__ 
Thermal 
c y c l i n g  
~- 
TheiiiidI 
w dc uuni 
- -  
02 
.. , 
- -  
.. 
.. 
.. 
- -  
- -  
.. 
.- 
Thermal 
YdCCUm 
ru td l  
. . - 
I I  
73 
31 
I 1  
09 
~.. ~ 
Theriiidl 
w a c  i i i im 
01 
11 
OR 
05 
.___ 
01 
20 
26 
05 
05 
26 
1 4  
I9 
1)4 
03 
01 
05 
01 
I 2  
04 
03 
01 
Acous t i c  
Launch envlronment 
per iormance 
Component v i b r a t i o n  
response 
E l e c t r i c a l  
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